Neuronal ceroid lipofuscinoses (NCL) comprise the most common group of childhood encephalopathies caused by mutations in eight genetic loci, CLN1 -CLN8. Here, we have developed a novel mouse model for the human vLINCL (CLN5) by targeted deletion of exon 3 of the mouse Cln5 gene. The Cln52/2 mice showed loss of vision and accumulation of autofluorescent storage material in the central nervous system (CNS) and peripheral tissues without prominent brain atrophy. The ultrastructure of the storage material accurately replicated the abnormalities in human patients revealing mixture of lamellar profiles including fingerprint profiles as well as curvilinear and rectilinear bodies in electronmicroscopic analysis. Prominent loss of a subset of GABAergic interneurons in several brain areas was seen in the Cln52/2 mice. Transcript profiling of the brains of the Cln52/2 mice revealed altered expression in several genes involved in neurodegeneration, as well as in defense and immune response, typical of age-associated changes in the CNS. Downregulation of structural components of myelin was detected and this agrees well with the hypomyelination seen in the human vLINCL patients. In general, the progressive pathology of the Cln52/2 brain mimics the symptoms of the corresponding neurodegenerative disorder in man. Since the Cln52/2 mice do not exhibit significant brain atrophy, these mice could serve as models for studies on molecular processes associated with advanced aging.
INTRODUCTION
Finnish variant late infantile neuronal ceroid lipofuscinosis (vLINCL Fin , CLN5) is a member of neuronal ceroid lipofuscinoses (NCLs), the most common neurodegenerative disease group of childhood with a world-wide incidence of 1 : 12 500 (1). All the NCL disorders are characterized by similar clinical features with variable onset, and to date eight clinical subtypes have been described (CLN1 -CLN8). The first symptoms of vLINCL Fin start between 4 and 7 years of age with motor clumsiness that is followed by progressive visual failure resulting in blindness, as well as motor and mental deterioration. Later, disease progress is characterized by myoclonia and seizures with death occurring between 14 and 36 years of age. Autopsy reveals severe brain atrophy due to the dramatic destruction of cerebral and cerebellar neurons. Like in all the NCL disorders, accumulation of autofluorescent material is observed in both neural-and extra-neural tissues. The ultrastructure of the inclusion bodies exhibits a varied mixture of fingerprint profiles as well as curvilinear and rectilinear bodies (2) . The main accumulating protein component of inclusions is subunit c of mitochondrial ATP synthase (3) , typical of all the NCL subtypes except the most severe infantile form INCL/CLN1.
Positional cloning efforts resulted in the localization of the defective gene behind CLN5 to chromosome 13q22 (4) and subsequent identification of the mutated gene (5, 6) . The CLN5 gene consists of four exons encoding 407 amino acids and spans 13 kb of genomic DNA. The CLN5 polypeptide is glycosylated and targeted to lysosomes in nonneuronal cell lines and it most likely has both soluble and membrane-bound forms due to the usage of alternative initiation methionines (7, 8) . The longest form of CLN5 has been suggested to interact with two other NCL proteins, CLN2 and CLN3, representing a lysosomal enzyme tripeptidyl-peptidase I (TPPI) and a lysosomal membrane protein with unknown function, respectively. Further, the CLN2/TPPI activity has been shown to be elevated in fibroblasts of the vLINCL Fin patients (8) implying that CLN5 and CLN2 are involved in the same pathological cascade resulting in different subtypes of NCLs.
Mouse models are available for CLN1 (9, Jalanko et al., manuscript in preparation), CLN3 (10 -12) , CLN6 (nclf ) (13) and CLN8 (mnd ) (14, 15) , of which nclf and mnd mice represent naturally occurring disease mutations. Unlike many other mouse models for human disease, the reported CLN mice replicate relatively faithfully the cellular phenotype of their human counterparts.
We developed a mouse model for human vLINCL Fin disease by interrupting the mouse Cln5 gene. The CLN5-deficient mice show deterioration of vision and accumulation of autofluorescent storage material in the central nervous system (CNS), kidney, liver and spleen. The ultrastructure of the storage material closely resembled that of the human patients showing both curvilinear and fingerprint profiles. Immunohistochemical analyses showed a selective loss of GABAergic neurons, and gene expression profiling revealed changes implying neuronal destruction, inflammation and defects in the components that affect myelin integrity.
RESULTS

Cln52/2 mice show loss of vision
To generate a mouse model for human vLINCL Fin disease, we interrupted the mouse Cln5 gene by eliminating exon 3 through insertion of the neo r -cassette (Fig. 1A) . The genotypes of all mice were determined by PCR over the insertion where the wild-type allele produced a 653 bp amplification product and the mutant allele a 394 bp amplification product (Fig. 1B) . Sequence analysis of the RT -PCR products revealed that the deletion of exon 3 resulted in a frame shift and a premature stop codon in exon 4 of mouse Cln5 (Fig. 1C) . Homozygous mutant mice were born at the expected Mendelian frequency, they developed without any obvious abnormalities and they were fertile. Progress of wild-type, heterozygous and homozygous mice were followed regularly from 5 weeks up to 8 months of age, and all changes in behavior, such as grooming, (16) . The Cln52/2 mice showed progressive impairment in the test beginning around the age of 13 weeks and severe loss of vision at the average age of 21 weeks (Fig. 2) . Wild-type and heterozygous animals performed similarly in the test, showing no impairment during the test period from 5 to 37 weeks. Autofluorescence in the CNS. Six-month-old Cln52/2 mice show extensive accumulation of autofluorescent material throughout the brain, especially in the cerebral cortex (Ctx) (B) and several nuclei in the midbrain (MB) (D) when compared to with the wild-type control (A, C). Elevated autofluorescence is detected already in the brain of the 1-month-old Cln52/2 mouse (F) but not in the wild-type brain (E). In the retina of Cln52/2 mouse (G), abnormal autofluorescent storage is mainly found in the ganglion cell layer (gcl), the inner nuclear layer (inl) and the outer nuclear layer (onl). In the wild-type retina (G), only naturally occurring background autofluorescence is detected in the inner segment (is).
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Neuropathological assessments
Another characteristic neuropathological finding in all the NCL disorders is the massive accumulation of autofluorescent material in the CNS. We monitored accumulation of autofluorescent lipopigments in the CNS of the 1-and 6-month-old Cln52/2 mice as well as their wild-type siblings. Six-month-old Cln52/2 mice exhibited a prominent accumulation of autofluorescence throughout the brain (Fig. 3) . In the cerebral cortex of the Cln52/2 mice, autofluorescent material was scattered throughout the cortical mantle, except for layer I (Fig. 3B) 3D ). Elevated autofluorescence was found already in the 1-month-old Cln52/2 brains although distinctly less than in the older animals ( Fig. 3F) . The storage was not as obvious in the cerebellum. In the retina, the abnormal autofluorescence was localized merely in the ganglion cell layer, in the horizontal cells of the inner nuclear layer as well as in the photoreceptor cells of the outer nuclear layer (Fig. 3H ). Electronmicroscope analyses of the storage material in the 3-month-old Cln52/2 brains revealed the presence of inclusion bodies in many neurons of the cerebral cortex and thalamus region. They contained a mixture of lamellar bodies, some showing also curvilinear pattern and fingerprint profiles (Fig. 4) . Similar bodies are seen in the cells of human vLINCL Fin patients (2) . No obvious brain atrophy or other morphological abnormalities of the Cln52/2 brain were observed by hematoxylin and eosin staining by the age of 6 months (data not shown). This observation held true also for cerebellum, which in the vLINCL Fin patient's brains shows the earliest and the most prominent atrophy (17) .
Loss of GABAergic interneurons in the CNS of the Cln52/2 mice Earlier studies of the NCL patients as well as the animal models have exhibited evidence for dysfunction of a subset of inhibitory neuron populations as well as hypertrophy of the persisting neurons (18 -23) . To address the character of the degenerated cell type in Cln52/2 mice, we examined the immunoreactivity of calbindin and parvalbumin, markers for a subset of GABAergic interneurons, in the brain sections of the 1-and 6-month-old Cln52/2 animals as well as of agematched controls. Six-month-old Cln52/2 mice showed a prominent loss of both calbindin and parvalbumin immunoreactive neurons in several brain areas including the cerebral cortex, hippocampus, thalamic nuclei, midbrain and cerebellum (Fig. 5 ). In the cerebral cortex, the loss of immunoreactivity against these interneuron populations was especially evident in the deeper cortical layers (Fig. 5B ) and in the entorhinal cortex (Fig. 5D ). In the cerebellum, loss of immunoreactivity in the Purkinje cell layer was also seen (Fig. 5F ). Also, in the 1-month-old Cln52/2 mice, some reduction of calbindin and parvalbumin immunoreactivity was found in the cerebrum and the cerebellum as demonstrated in Figure 6 .
Soluble and membrane-associated lysosomal enzyme activities in the Cln52/2 brain Previous reports of the CLN5 patient fibroblasts (8) as well as the brain lysates of the CLN3 patients (24) have demonstrated elevated CLN2/TTP1 activity. Also, in the brains of the CLN3 patients, an overall increase in the activities of several other lysosomal enzymes has been reported. We determined the activities of Ppt1, Tpp1, b-hexosaminidase, b-galactosidase and b-glucosidase in the cerebrums of the 1-, 8-, 15-and 30-day-old Cln52/2 and wild-type littermates. No systematic differences were observed in any of the enzyme activities, although Tpp1 activities were slightly elevated at day 15 in the Cln52/2 mice. Interestingly, all the measured enzyme activities showed a significant developmental regulation in the brain (Fig. 7) .
Gene expression profiling
To obtain some understanding of the consequences of the global gene expression in the CNS, comparative gene expression profiling was performed in the brain tissues of the 3-and 4.5-month-old wild-type and Cln52/2 mice. To average out the inter-individual variability, we pooled RNA extracted from two wild-type and two Cln52/2 mouse cerebrums in both age groups. The integrity of each RNA was checked by monitoring for signs of degradation and S28/S18 ratio using Agilent 2100 Bioanalyzer (Agilent Technologies) prior to pooling. The global expression profiling was performed using Mouse genome U74Av2 arrays, containing majority of the known mouse genes, following manufacturer's instructions (Affymetrix, USA). The raw data were analyzed using the MAS 5.0 (Affymetrix) software. About 50% of the genes represented on the Murine Genome U74Av2 array were expressed in the brain tissue at a level detectable by the method, and only probe sets that attained a quality score 'present' (P , 0.05) in two of the four hybridizations were accepted for further analyses. Since the number of experiments in this preliminary survey did not allow statistical comparison between the Cln52/2 and wild-type mice, a cut-off point of 2-fold was chosen on the basis of the collected replicate arrays of multiple mouse models in our array core (www.helsinki.fi/biochipcenter). The expression array data revealed changes of !2-fold for 16 genes in the cerebrums of the 3-month-old Cln52/2 mice. In the 4.5-month-old Cln52/2 mice, a total of 68 genes showed altered expression levels in cerebrums of !2-fold when compared with agedmatched controls cerebrums. Complete lists of the genes showing !2-fold change in the 3-and 4.5-month-old mice cerebrums are provided in Table 1 .
To obtain some insight into the biological processes associated with the observed transcriptional profiles, annotation information according to the publicly available gene ontology classification system (25) was collected for the 84 genes showing !2-fold change difference in transcript levels. As expected, most of the biological processes were represented by only a gene, but the identified classes pinpoint three major pathways or structural elements that were predominantly targeted in the Cln52/2 mice: inflammatory/defense mechanisms, myelin components and neuronal degeneration. Further analysis revealed several genes within these biological processes showing differences in expression levels between the Cln52/2 mice and their normal littermates, although not all of these changes reached the !2-fold cut-off level (Table 2 ). For the two age groups, the inflammatory pathway as well as components of myelin clearly came up. Quantitative real-time PCR analysis was performed for four selected genes (Gfap, Il-4, S3-12 and Mobp ) that showed altered expression levels in the microarray data. Gfap showed up-regulation of 1.8-fold in the Cln52/2 cerebrums compared with the wild-type controls (DCt 23.67 versus 22.86).
No signal was detected for Il-4 in the wild-type control sample, whereas in Cln52/2 the DCt value reached 12.34, demonstrating that the Il-4 mRNA level was distinctly up-regulated in the Cln52/2 brain. S3-12 was down-regulated by 1.4-fold in Cln52/2 (DCt 3.19 versus 2.71). These data were in good agreement with the array results. In contrast, no change in transcript level of Mobp was detected in the Cln52/2 brains compared with controls (DCt 25.68 versus 25.41).
DISCUSSION
The identification of the human NCL disease genes has enabled the production of mouse models for these severe The generated mutation more closely resembles the Swedish mutation Glu253Stop, where an insertion of a cytosine causes a frame shift leading to 29 irrelevant amino acids before a premature stop codon, resulting in a truncated polypeptide of 253 amino acids (6) . Four different CLN5 mutations are currently known, all of them having very different 
consequences for the predicted polypeptides. However, the clinical manifestations do not seem to vary depending on the mutations, and it is likely that all mutations severely disturb the yet unknown function of CLN5 (6) . Thus, it is reasonable to assume that disruption of exon 3 of mouse Cln5 results in a non-functional protein.
The Cln52/2 mice developed normally and were fertile. No symptoms characteristic of INCL Fin patients, such as progressive motor abnormalities or development of seizures, were detected in mice by the age of 8 months. Consistent with the loss of vision in human vLINCL Fin patients, the Cln52/2 mice showed progressive impairment of forelimb extension that was used to initially test the deterioration of vision. Also, similar to human disease, the Cln52/2 mice had excessive accumulation of autofluorescent material in the CNS, and electronmicroscopical evaluation of the storage material showed mixture of lamellar profiles including fingerprint profiles and curvilinear bodies. Thus, the cellular findings mimic Genes showing up-or down-regulated expression in 3-month-old mice are given in bold.
a Down-regulated gene in both age-groups. We have previously shown that CLN5 physically interacts with CLN2 (TPP1) and CLN3 in vitro as well as that TPP1 activity is elevated in vLINCL Fin patient fibroblasts (8) . The activities of five lysosomal enzymes, including Ppt1 and Tpp1, revealed no overall changes in the brains of the Cln52/2 mice except a slight increase in Tpp1 activity. Cln3 immunopositivity did not reveal any cross abnormality in the Cln52/2 brains compared with the wild-type controls (data not shown), nor the Cln3 or Cln2 mRNA expression profiles were altered in the microarray analyses. More detailed studies are needed in order to clarify the molecular mechanisms of interactions between different NCL proteins in vivo.
A mouse model for the most severe NCL disorder, INCL, exhibits NCL-like pathology including prominent accumulation of autofluorescent lipopigments throughout the CNS, pronounced cerebral atrophy, progressive motor abnormalities, spontaneous myoclonic seizures and a shortened lifespan (9) . A very similar phenotype to this Cln1/Ppt1 mouse model has been demonstrated in the second Cln12/2 mouse (Ppt1 Dex4 , Jalanko et al., manuscript in preparation) with seizures, myoclonic jerks, paralysis of hind limbs and shortened life span. The Cln52/2 mice exhibit a remarkably milder phenotype in agreement with the milder clinical phenotype of vLINCL Fin when compared with INCL.
The phenotypes of other mouse models for NCL diseases are affected by both the type of the mutation generated and the genetic background of the mice. Two Cln3 null mutant models have been produced by targeted disruption of the Cln3 gene (10, 11) . These mice show mild but systematic neuropathological abnormalities including accumulation of autofluorescent lipopigments that ultrastructurally resemble multilamellar rectilinear/fingerprint profiles. Inclusions contain subunit c of mitochondrial ATP synthase as in human disease. A third Cln3 mouse model has been produced by a knock-in strategy to replicate the 1 kb deletion in the CLN3 gene representing the most common mutation of the CLN3 patients (12) . Interestingly, these Cln3
Dex7/8 mice develop earlier and more pronounced NCL-like symptoms than the null mutants, and show detectable pathological findings even prenatally. It is likely that the presence of the mutant Cln3 protein interferes with cellular homeostasis differently when compared with the situation where the protein is totally absent. Semi-quantitative RT -PCR from exon 4 of Cln5 revealed equal amount of mRNA in the brain tissue of the Cln52/2 and control mice (data not shown). However, currently available antibodies do not allow definitive conclusions of the presence of the mutant Cln5 protein in tissues of the Cln52/2 mice. Further, the current Cln52/2 mouse strain has a mixed genetic background (RW4/C57Bl/6), and inbreeding experiments in the future will show whether the genetic background has some impact on the disease phenotype.
The molecular pathway linking mutant proteins to the CNS phenotypes in different NCL diseases, characterized by accumulation of the storage material and neurodegeneration, remains a mystery. However, mouse models have provided some insight into the neuropathological mechanisms behind NCL. A prominent loss of some GABAergic interneurons in the brains of the generated Cln52/2 mice is an interesting finding and indicates a dysfunction of selected interneurons as a typical neuropathological hallmark of many, if not all, NCL-disorders. Other NCL mouse models have also been reported to exhibit progressive loss of a subpopulation of GABAergic interneurons in the cortex and hippocampus with persisting interneurons showing pronounced hypertrophy and abnormal dendritic morphology (23, 24) . On the other hand, it has been reported that changes in ionotropic glutamate receptors possibly alter glutamatergic neurotransmission in naturally occurring mouse model for NCL (26) . Thus, the developed Cln52/2 mouse will now provide a new valuable tool to explore mechanisms of neuronal death in NCLs.
Gene expression profiling of the Cln52/2 mice revealed changes in the steady-state expression level for several genes that are involved in immune response, myelin integrity and neuronal degeneration. Activation of immunological defense mechanisms and defects of myelin were especially pinpointed. Several inflammation-associated genes showed up-regulation in the older mice (e.g. interleukin 16, beta-2 microglobulin, glial fibrillary acidic protein) when compared with the younger animals implying ongoing pathological processes in the brain and fitting well with the findings in vLINCL Fin patients. Similar findings have also been reported for Cln1-and Cln3-deficient mice (27) , as well as in the patients of two other lysosomal storage disorders, Tay -Sachs and Sandhoff diseases (28) . In fact, inflammatory responses and activation of microglia contribute to most neurodegenerative diseases such as Alzheimer's disease, Parkinson's disease, multiple sclerosis and AIDSassociated dementia, as well as to ischemia and posttraumatic brain injury (29 -33) . The initial events triggering the neurodegenerative processes in these various disorders are probably different, resulting in different neuropathological outcome. However, they most probably initiate a similar cascade of cytokine production in response to neuronal injury (34) .
Several myelin-associated genes, such as myelin-associated oligodendrocytic basic protein (Mobp ), myelin oligodendrocyte glycoprotein as well as myelin and lymphocyte protein, were down-regulated in the brains of the Cln52/2 mice already at 3 months of age. From this age on, also a progressive loss of vision was observed in the mutant animals. This finding is well in line with the pathological findings in the vLINCL Fin patients including the loss of myelin sheath in the brain white matter as well as axonal loss both in the brain and in the retina. We could confirm the observed transcript differences in case of three genes out of four tested. Down-regulation of Mobp could not be confirmed by RT -PCR analysis. Characteristic for such comparisons, different location of PCR primers and the microarray probes is the most probable reason for this discrepancy. It should be emphasized that the array experiments are perhaps more valuable to monitor clustered information of transcript profiles of meaningful biological pathways, rather than transcript levels of individual genes. Subtle although coordinated changes in transcript levels can be monitored more readily by combining measurements over multiple members of each gene set (35) . This is exemplified here with differences in expression levels of multiple genes related to neuronal
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degeneration and myelin destruction although not all of them at the significant level. Transcript profiling of the aging brain in mice displays parallels with neurodegenerative disorders including inflammatory and stress responses (36) . Also other features, such as atrophy of the selected neuron populations, synapse loss, decrease of certain receptor populations as well as accumulation of autofluorescent lipopigments, are shared with normal brain aging as well as with other lysosomal storage disease models and neurodegenerative disorders (37, 38) . Brain aging is associated with subtle morphological and functional alterations in specific neuronal circuits, as opposed to large-scale neuronal loss (36) . Shared features with transcript profiles of the Cln52/2 mice revealing no significant brain atrophy suggest a role of the produced mouse model also in molecular studies of advanced aging.
MATERIALS AND METHODS
Ethical aspects
The study is approved by the Chancellor's Animal Research Committee at UCLA as well as by the animal care and use committees of the National Public Health Institute, Helsinki, Finland. The work has been carried out following the good practice in handling of laboratory animals and the regulations for handling genetically modified organisms.
Disruption of the mouse Cln5 gene and generation of the Cln52/2 mice
The targeting construct was designed to disrupt the exon 3 of mouse Cln5 gene. The 5 0 target of 2.8 kb (from the end of exon 1 to beginning of exon 3) and the 3 0 target of 2.6 kb (from the end of exon 3 through part of exon 4) were amplified from 129sv mouse DNA and ligated into the XhoI and EcoRI sites of pPNT-vector. The neomycin-resistant (neo r ) gene interrupts exon 3. The Not I linearized targeting construct was electroporated into the RW4 ES-cells which were maintained in ES-cell medium (Dulbecco's modified Eagle's medium with 15% ES-cell qualified fetal serum, leukemia inhibitory factor, glutamine, non-essential aminoacids, penicillin -streptomycin, b-mercaptoethanol) on mitotically inactivated MEF feeder cells. ES-cells were selected in G418 (350 mg/ml) and ganciclovir (2 mM) for 10 -14 days. Resistant colonies were picked, grown and DNA was isolated. Homologous recombination was identified by PCR analysis in which the other primer was in neomycin cassette and the other one in the exon 4 outside the target. Primer sequences for target amplification are as follows: Target Ex1F: TAATTCTCGAGCGCTGGCCGTGCCCTA  CAAEx3R: TAATTCTCGAGCTCAATTGTGTAGTTCTTGCCTG  3 0 Target Ex3F: TAATTGAATTCCACTGGAAGGAAAAC GGGACAEx4R: AGTCTTGTTTCCTTTGGGCCC Positive colonies were injected into the C57Bl/6 blastocysts followed by transfer into pseudopregnant recipient Swiss Webster females. Two ES-cell lines produced chimeras that showed germline transmission as indicated by coat color. Following, breeding was done to the C57Bl/6 strain. F1 offspring were genotyped and heterozygous animals were inbred to generate Cln52/2 homozygous mice.
Genotyping and RT -PCR
Genomic DNA was prepared from the ear punch samples using DNeasy Tissue Kit (Qiagen, Valencia). An aliquot of 10 ng of DNA was amplified using following primers:
For RT -PCR analysis of the wild-type, heterozygous and mutant mice, total RNA was isolated with RNeasy kit (Qiagen, Valencia) following the manufacturer's guidelines. The reverse transcription reaction was carried out using Cln5-specific primer 5 0 -GTCGGTAAATGTTGTATGTCG-3 0 followed by PCR reactions with following primers:
0 . Produced DNA fragments of 805 bp (wild-type) and 653 bp (Cln52/2) were analyzed by agarose gel electrophoresis. The nucleotide sequence of RT -PCR products of both wild-type and mutant mice were determined to confirm the frame shift due to partial deletion of the Cln5 gene of mutant mice.
Evaluation of the phenotype
Progress of 18 wild-type, 19 heterozygous and 22 homozygous mice was followed three times a week for 5 min from 5 weeks to 8 months in order to detect changes in gait, grooming and other behaviors. After sacrificing, brain and body weight was determined.
The forelimb extension test (16) was used to assess the progression of vision since progressive loss of vision is one of the first symptoms in human patients. In the test, the mice were lowered by base of the tail from a height of 15 cm above the wire grid. Extension of forelimbs was recorded as follows: 0, none; 1, upon nose contact; 2, upon vibrissa contact; 3, before vibrissa contact (18 mm) and 4, early vigorous extension (25 mm).
Histological and immunohistochemical studies
For immunohistochemical studies of the 1-and 6-month-old wild-type, homozygous and heterozygous mice were sacrificed and brain, liver, kidney and spleen were fixed with 4% paraformaldehyde in phosphate-buffered saline (PBS), pH 7.4, over night and embedded in paraffin. The tissue samples were cut into 5 mm sections and stained with hematoxylin and eosin using a standard protocol for basic morphological evaluations. Immunohistochemical stainings of the brains were done with parvalbumin-specific antibodies (PV, Swant, Bellinzona; 1:6000) and calbindin-specific antibodies (Cb, Swant; 1:5000), goat-antirabbit secondary serum (1:250) and avidin-biotin peroxidase method (ABC-Elite, Vector) using the previously published protocol (39) . The results were analyzed by light microscopy (Olympus). Autofluorescence was evaluated from 
Measurements of soluble and membrane-associated lysosomal enzyme activities
Cerebrums from the 1-, 8-, 15-and 30-day-old Cln52/2 (n ¼ 4) and wild-type (n ¼ 4) mice were collected, frozen in liquid nitrogen and subjected to enzyme activity assays. Palmitoyl-protein thioesterase 1, Tpp1, b-hexosaminidase, b-galactosidase and b-glucosidase activity assays were performed as previously reported by van Diggelen et al. (40) .
Gene expression profiling
Comparative gene expression profiling was performed in the 3-and 4.5-month-old mice. Cerebrums from two wild-type controls and homozygous Cln5 mice per age group were frozen in liquid nitrogen, pooled and homogenized. Total RNA was extracted using Qiagen RNeasy-kit following manufacturer's instructions. The quality of RNA was assessed by Agilent 2100 Bioanalyzer (Agilent Technologies), monitoring for S28/S18 ratio and signs for degradation. An aliquot of 5 mg of total high-quality RNA from each sample was used to generate cDNA containing an initiation site for T7 RNA polymerase (Super Choice system, Gibco-BRL). Double-stranded cDNA was purified by Gene Chip Sample Cleanup Module (Affymetrix) and 1 mg of cDNA was subjected to an in vitro transcription reaction using biotinylated UTP and CTP (Enzo Bioarray High Yield RNA Transcript Labeling Kit). Biotinylated cRNA was purified using RNeasy mini-kit (Qiagen). An aliquot of 20 mg of biotinylated cRNA was fragmented in 1Â fragmentation buffer (40 mM Tris -acetate, pH 8.1, 100 mM KOAc, 30 mM MgOAc) at 948C for 35 min, of which 1 ml was subjected to an analysis on 1% agarose gel, after which 15 mg was hybridized on to each array. Gene expression profiles of wild-type and mutant mice were analyzed using the Affymetrix Murine Genome U74Av2 highdensity oligonucleotide array representing all Mouse UniGene database sequences (approximately 6000) that have been functionally characterized as well as approximately 6000 EST clusters. Hybridization, post-hybridization washes, staining and array scanning were performed in the Affymetrix GeneChip System following the manufacturer's instructions.
The primary data analysis was performed using GeneChip Microarray Analysis suite version 5, MAS 5.0 (Affymetrix, Santa Clara). Before analysis, the data were normalized via global scaling (target intensity ¼ 100). Probe arrays were verified for absence of anomalies in the data registered for the spiked control probes, the cross-species hybridization control probes and the housekeeping probe controls. All probe sets that attained a quality score 'absent' in all four hybridizations were removed from further analysis. A difference of 2-fold was applied to select up-regulated and downregulated genes. Pathways were identified by utilizing the UCSC Mouse Genome Browser Gateway, Oct 2003 freeze (http://genome.ucsc.edu/) and the NCI Cancer Genome Anatomy Project (http://cgap.nci.nih.gov/Pathways).
Real-time RT -PCR
For the gene expression measurements, the total RNA were isolated from the samples using Qiagen RNeasy-kit following manufacturer's instructions. cDNA was prepared using Applied Biosystems TaqMan cDNA transcription kit according to manufacturer's protocol. Elimination of the genomic DNA was done by additional DNAse treatment before the cDNA synthesis. An aliquot of 200 ng of total RNA was treated with DNAse I (Roche Diagnostics, Germany). Random hexamers (Applied Biosystems, California) were used to prime the first-strand synthesis and the reaction was carried out in a total volume of 20 ml with Multiscribe Reverse transcriptase enzyme according to manufacturer's protocol (Applied Biosystems, California). A total of 1.8 ml of cDNA was used for each TaqMan measurement triplicate.
Predesigned and tested fluorogenic FAM -labeled assayson-demand primers/probes were used to measure transcription levels of the selected genes (Il-4, Gafp, S3-12, Mobp ). Realtime RT -PCR was carried out according to manufacturer's protocols using TaqMan Universal PCR master mix (Applied Biosystems, California). ABI Prism 7700 sequence detector instrumentation was used for signal detection. Sequence detector was programed to an initial step of 2 min at 508C and 10 min at 958C, followed by 50 thermal cycles of 15 s at 958C and 1 min at 608C.
Calculations
The quantitative value obtained from the TaqMan run is a threshold cycle Ct, which indicates the number of PCR cycles at which the amount of amplified target molecule exceeds a predefined threshold value (41) . The difference value (DCt), in turn, is the normalized quantitative value of the expression level of the target gene. Normalization is achieved by subtracting the Ct value of the TATAboxbinding protein (TBP), a general transcription factor, from the Ct value of the target gene. Expression for normalization is expressed as DCt ¼ Ct (target) -Ct(TBP).
Change of one unit in the DCt value indicates a 2-fold change in the relative expression level of the gene. Since the PCR efficiency for both the endogenous control (TBP) and target gene assays is tested by the manufacturer and proven to be very close to 100%, the comparative method can be used to compare fold differences between different samples. Comparative calculations determine the difference in DCt between Cln52/2 and Cln5þ/þ samples. Signal intensity threshold was set to the beginning of the log linear range of amplification plot being 0.05. The absolute change in expression level is given by 2 2DDCt .
